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STATU3 RBPORT

IITRODUCTION

| The primary cbncernAof the micromat@croid'studias r@partéd hareinlis the
possibility of contaminating Mars Wiéh unsterile particles e}ected.from t&@
epacecrafé surfaces as a result of micromateoroid'impacts.. Two parallel activitigg ==
an analytical and an experimental Investigation -~ gre focused on defining this
potential., This reporé is mzant as 1nte£im documentation éf‘thé status of th@@é‘

getivities through Decamber, 1966;‘ o AU

Section I, Analytical Studies, details th@ w@rk b@i@g p@xfarm@d by Br. R. c..'   t
@@od of &h@ G@n@r&l El@gtric Space Sci@mc@@ Labor@t@fy., E@rly efforta in the -
a&alytisal @&udy ware Eepsrted ia Q@@@mants Ne. V@Ebﬁzofkﬂz a@d V@?«EZ»@ﬁwé» The - |
" current effort, zeportad h@r@in, i@ c@m@@mﬁﬁ@t@d on the &s@@mgiing end aaaia&la&i@a«>f:

of gubli@h@é dﬁt& in the f@zm of qgantitative relations for pacticles @j@@t@@ by H
E sierouzteorsid imp&cts on the v@yagew surfece m&t@rials, ?h@ @p@cﬁfi@ qu@gti@ag.
to which aagwers aﬁ@ being gaaght sre as f@ll@a@' ”?_ s |
’; 71) The . tctal smxf&@e area aff@geed o

:"2) The velocity of th@ ej@et@d F&Iﬁiﬁlﬁs,l

» Tﬁe 2288 ﬁigﬁributi@n of the @j@ct@d p@fti@l@s.} ?’

Secti@n II, Experimental Ez@gramg r@p@xta thm waxk b@iﬁg perfagmzd ﬁy ¥ E@hriag@r
of the Gensral Elaskxic Bi@sci@n&@s O?vr@tﬁ@n, hﬂL D@p&rﬁm@mk &@d by H. Scmon of ﬁh@ A
"G@nazal Electric Space Scieneea L&bcx@%@ry. This sctivity c@agists @f aubgea&iﬁg

ty@ical sgacegﬁaft @E&@Ki&l@, @eedgd with miaz@@xg&aisﬁga o aimni&t@é m&sﬁ@o

"',r"

m@te@xeiﬂ im@acts, Fﬁmh eE tha e@rly @z&eziaomtal e§¢@§& h@@ baen r@y@r&@é i@

detail in the Gen@ral Rlectyrie C@mpamy9 V@y@g@zg ?ﬁsk S %i»?@nﬁhly ?r@gr@s@ Rpp@rta
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Nos., 1,2, and 3. The test matvix for the curzent experimental offort was das-
cribed {n the Task C, Bi-Monthly Progzess Report Mo, 4. Results of testing

todate are reported hexein,
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SUMMARY

The work to-date on quantitative relations for particles ejected by
meteoroid impacts on the Voyager surface raaterials is veporiad,
Specific items are area of suriace affected, the velocity of the ejected
particles, and the mass distribution of ejected parxticles,

At this time we have assembled the published data in & form suitable
for reporting ag above. Several equations are given as derived from
those data. In some cases error bands ave indicated which represent
the probable ervrors (0. 6745 of the etanda,z;d deviation). It is very posgai-
ble that the equaticns will ke corrected upon more detailed exarnination
of the data. However, we are guoting them a8 an iu&ica.‘zion of tre range,
For convenience, some are given in thie scummary. Units are explained
in the tesxt at the quoted equations.

1. Flux to be met during the cruisge portién of the flight:

N = 10°14e 14 i 0. 17 M "15 17 i Oc 085 ‘l’

2. Flux to be met during the orbiting portion of the flight:

°B§n 58 i ln 28 M "le 3? i Oa 23

N =10 {2)
3. Area affacted in thick targets:
A =% H"Zc 37 i Oo 23 p "4: 11 i Ou 69 lo"llc 50_'3; 10 79 i ‘lz)

o
4. Avea affected in thin targets:
Not resolved. Thin targets are those haviang a thickness less

then130% ofp.



"

5, Velocity acccrding to X-ray shadowgrapha:

g = {0. 084 1 0.051) « {0,023 + o,oax)%
B ‘0

See also Figure 3.

6. Jelocity according to ballistic pendulugn teste:

1-0.263v7 363

(om0 P50

U=V

7. Mass Distribution ac.ording to X-ray shadowgraph:

LY A 26
m, ) mﬂlu 33 +0,78 (ﬁiﬁf 6% +0.26

£ m d !
o

(135)

un



L

BITRODUCTION

Planstery quarantine for t&w?oyager bug imrc:ives among many

other items the lons of contaminxted particles after impset by
micmmotecmidea Thoese purticles Qsmgr be ejected materipl

produced by the eplagh after ignpae_t, ifm}"mmgf be ppalied matorial
produced by ghock waves from the impact, and/ &x»ﬁwy may be

icoos particles detached by the vibrations sot up in the impactod
gurface structure byvthe fwapact. This zeport will trest ﬁs_ra first

type enly. '

Thyee subjects will be treated to the ﬁmi& of our present fuvage
tigation: {I) the total sres of surface from which electa ave produced
par unit of time; {2) a velocity dstribution of the cjectas snd {3) a
eize or mass distribution .ef ejecta.

ia gemoral, 211 quantities ghewld inelude probable ezrer banda so

that a {iaal probability may be derived. Some data caa be developed
to the point of erver bande. Some relaticas have nol been gubstantiated
by exmrimma’é or by m@wﬁremema go that thay will be semi-educated
egtimates. Some relations will be proposed for use with different
materials that may be highly conjectural but repregent the present
thinking to-data., Aad lzstly, 2ll relations musgt be used in velocity

regions pregently unattainable in controllsd expesriments so that

apelation by fnctors of 2 to 8 1a the order of the day. With thase

regtrictions ia mind, the following work will be presented,



SURFACE AREA DISTURDED BY IMPACTS

In owdor to obiala the surince azrea disturbod by lpaete, the
followlng mtepa will be regquizads {a} e flux of meteoroids which
strike the swrface muut be agsurned, reasered. or .s;;f;nﬁied:
{v} the offecis on the vurface such as ponotration, erater
{ormngtion, and/or pezforativn must be lnizrpointsd from maagurse
ments on gpace vohlclag or extrapoliied from exparimental ﬁata_,
Thoe extent of auzface aven per cmx‘.ér muzt ba fuclunded,
Soras higtovical b&chgmjmd was pragented in a previous report
QR@Q. 1)« Meteoreld flus, :ﬂcs'éter foringtion, and elected spray
wers discunzed in goveral terma, Bolow, {urther data will be
pregented v provide n more guantitative baals for calenistiona,
A, Fluz of Metecroids

Me&saz;zmmemm ef moteoreid flux have haen mads by aye,
samora, radex, ssdiment amiyeaim; orbitlag spacscraf: instrumenta,
and zﬁé@p»ﬁp&ca probes via telemetered signeis. Data ave pre-
gsented ns chown on Plgure | where the (luxn of particles groaies than
& certsin mass 1z plotiad sgalnst that mesn, |+ has been noted that the
fluz seams to be doecrengling with tima oz with improved accuracy
of measurement,. Thess varistions in data lsad to error bandg on

the fluxz to be asouimed, Of course, the paucity of data is an even

greatey factor in proposing fluxes In gpace sway from Earth.

ol



Nonethelena, to fix a baovie for computations, the metcoroeid

exviremment hao boen fined by the Jot Propulelon Laboratosry

{Rof, 22) nad

will ba qusted below,

Tatle § « Meteoroid Bavizonment

Particle
Pogition L Fhax
Near Earth | log Na «17,0sL 70
log ¥
' {rem «13, 80
Crulge log N= logMlog ¥
L) *E‘ﬁo 48
1,34 log M
+log F
ESioney log Ne 16,2 «0, 77X
Porticles log M+3, 4{A-1)
Don log Nu =i6. 9 «0, 76X
Particlon log M+3, 4{A=])
Mass Flyby | log Ne
frem o03.40 = log N
> «14,08-1, 34 lpg?
Within eme | log Me-17.60 <1, 70X
Mars zadiug logM
Stons E@g ot @34’ s wo, ?@(
Pagticlen leg M
Lon log Na =15,2 =0, 76¢
Paztlicles leg M

Vologity

Ranga Avernge
K/ gec CBendes
010
r(ﬂ:l. g0 Faprth)| -
i10-70 40
8070 40
1070 49

0=-70 40
0«5 -

#zal, 20 Mar o)

=3a

e

0.4

8,4

3.5
7.7

0.4

0.4

3.5

7.7

g2 N s the aumber of particles/ mzeac ¢f mace M and grester,



¥ is a correction factor for the vegion batween Favth and Mara,

S2low digtonce in F
Actronomical Uanlts Value
lo 0 > ‘o 25 l. 0
ls 25 @ !n 36 3. 0
!. 36 2 l. 43 50 0
3. 43 a !i 49 3g 0 T T T S s e
;0 49 hd ln 56 ‘ 2. 5

A 1o ons astronomizal unit,

The ragions of most imporisace {or ojscted pasticles striking Mars
aze iate ¢rulse ard orbiting phases, ﬂsiég tha tgbls above we {ind
that for the crulee phoss thers is o maximum and g mim!mum‘ flum,
# wa take thio as coverlng 95% of the casacs {which ia an egtimale),

thon the eguation for the {lux becomany

] 1 )
N =10 W1 E0.17 117 £ 0.085

- For tha orbiting phase 1ot us combine the fluxes eutoids and ingide
oun Mars' radivs equally and use comeltary debris as 90% and the
acoroldal particles a3 0% {Ref. 2b). This leads to the followiang

e@%&i@m

{2)

-15.58 +1.28 _ -1. 37 4 0.23

N=10 M

B, Effects on the Boriace

The impact process at hypervelscity conditions have been

deseribed in varisua waye, Gomezally, ona starts at lower velogities

ado



and worke hia way upwarde,. For ezample, Figuye 2 shows
valoclity roglona in which varicus results of the impoet are found
{Ref, 3). At low valecity, e%a;z projectilo dosa nnt break up. At
supergonic reglons the projectle shotters, At E&ypawomic'regiom
the projectile and target flovw like liquids so thet hydrodyaamic
equations are vaiid, Am&er dascription chowa thet at low
velocities and ia low streagih targets the momentum of the pro-
Jectile 16 impostant, whereus at high velocitios and with highly
rwimi‘va tazgets the energy coatent of the projaectils iz Impoctant
{Ref. 4).

Thege two menns of lecking at the proceas indicste that
extzapoliations to higher velocities counld aither be governsd by
ansther proceas or by the enargy relations. In this iatter case
wa would uga empirieal relations corresponding to cupressicas for
the projoctile snergy.

To dotermins the puriacs damag

through the followlag chaint Glven a flux of metercids we combine
thio with the penatration of the target to obtaln crator slsze a@d -
honce purinee arvea digtusked, The flux io given ia Fort 11 A,
1. Thick Tazgets
Ceater 8izo 10 a function of ths penatzation singe the

erators are very mensly hemigpherical, The ponstration In

o5e



gemnisinlinito targeto hao been {ittad cmpirically by

zanny bug with the mest guecoos and gonoral acceplanca by

two oots of authors: the ChartersSummers aquation

QR@& 5’ 1s

/3
B 2"25(6c C

and the Hm:km&ma&'@g@s {Ref, ba) ia

( )2/3 [1+ 25(%) 2/3 %Y; ]

<

ato
u

or in a slightly loss complicated forem {Ref. &b).

173
%=oe36(\f 1ozw )

ia which

p = egater dopth

4 = roprossatstive dimensien of the prajectile such go 129

Alnmeto, 3
p = prajectils donsity in gwmal em
o = target Gonalty in grams/cm®
¥ = projoctile veloeity in ¥m/oec
e = goale veloelty la the target in ¥m/gee
H = Brinell hardasses of target ”

obe

{3}

{4)

{35)



We note that thease equations have propartiac of the projectile
sad the target ao factors and a constant used to adjust the
acale. It ig posaible to be cloger to the -p_xwa!cal procuss los
volved if we follow Naumans {Refe 7} nud Heyda {Rof, 8 ) by
adding the Hugonlol daiz tc adjust the goustauwt,. Thic takes

thae form
1/3

TS
B . |C+5U o lf02 £ £6)
e [c:‘-»s1 (v-u) H

whera C + 8U = D, the gheek velogity in the tazget and

G + & {Vell) 2 B, tho chock voloelty in the projoctilo. u is
the matorinl veloelly in the chechod povtisn of the torged and

Cy 8, C"¢8% aze c@@m@@@@ ebeatned from $egeniet data (Ref. 9)s
The m&ma ef U aro shiatnsd by sotiing tho prossure ia the
@@rget ogual to that in the projestile near the shoekiront,

- 'Tim v@%@a@ of i fow any veﬁaci&y V ig the solution to the equation

2| :
) [ps pl s"] + U [pc + 2078V + p cl} o

£7)
= pv(ct+stvy

where £ isthe density sad the priznad quantities rofer ¢o the
projectile. Valses for materials appropriste to spacecrafl sre

given in Table & (Ref. 7).

% £



Tablo I’ o Hugoniet Taty

Mopoplad Penals o 8.
Eopinces ge/em Bm) sec

Alumionm 2,70 8,37 1,339
Magnosium .73 4,493 1.266
N?@@a 2. l‘.\ Zs 394 L 62."5
Faged Quazta 2,290 3. 3¢ 1,560
Matzozroidal Ireon 7.83 3,800 3. 580
Tulf 2. 70 1,50 1. 400
Porous Alurninum v 44 +D35 3,283

The penotraticn then is proporticnai to the cudbs root of the

pré@@@%ﬁ@ en3rgye. In eq. (6), and the 1st fac?or‘ 1s asymptotlc to a constant
89 the valneily incresees. Far g povoue aluminum projsctile

fohich is elmilar in density to 2 micrometooroid) imﬁén&iﬂg an

gﬁmim targat o fret focter In eq.. (6) approaches .36 x .450 or

1162 as Indicated by Table 11,

Table It
Impact Velocity C+SU C+Suy
Bl sec CT4SV (V-U)  C'+S' (v-u) ® +36
10 0,739 0.266
20 0,568 0.204
T 3 T 0, 524 0.185 —
40 0.438 0.176
50 0,473 0.170
£9 0. 462 0.166
70 0,455 0.164
29 0, 450 0.162

«8s



I+ we choose other targets found on Voyager and other
waterlals found In meteorites this factor will have other
values,

Since Dalton (Ref. 6b} has glven a tolerance on the

penetration formula, tha above data can be Ilke amended to

2 /3 v
E = 10.19 £ 0.08) (22LY (8
To obtaln the crater size we assume a hemfspher!cat cavity
with a radius of p. There wlil be a distribution of crater

slzes because the factor d has a dlsiribution glven by Equation

2. Assumling spherical partlcles, the mass Is gliven by
= ILpg 19)
m &P
so that the penstration Is now given by

whera the distribution of veloclties of the mefeorolds has been

assumasd to be Gausslian beiwecen 10 and 70 Km/sec and an average of

40 Km/sec. The angular distributlon of Impact was assumed uniform

over 2 T steradlans.

By di¢ferentliating Equatlion 2 and using Equation 10, we find that
the number of craters of depth p per mzsec Is

B = 10-15-44 £ 1,28 =237 2 o.23p ~7.91 £ .69 an



Thorofore, the total aren of original eurface dolated por

square metor por secend io glvoa by

gy 23T £0.23 150 £ 179 4111069

A 10 P

1z}

where P fo mintmura recognizable penetration,

Z, Tkin Targets

For targets which are perfoyated the gortion of curface
affoctod 1o omnlier, 2a this case we hava dats taken by
Cohring {Ref, 10) at voloclilos up 10 14,5 Xm/ses. The

emplrical equation ig

"D t 2/3 {132)
8 20.45V %— 4+ 0.90 '

where D i3 the diameter of the perforstien, d is the

digraster of the prejectile, t_ io the targot thickacns, and V

io the projectils vek@éi&y in Rem/oec, In that papes uo data are

given on ejected pasticles zo that many parts of the surface

wiil bs gplaghed towards o ézéar face aad bayend, Bvsalees - ——
bas boon @mﬂi@d ea material ejscted in this case than in o

" thick tazgoet c&ée.

B would ba ﬁﬁﬁécm&é o compare Hguation 7 ead 13 becanse a

thickness fastor cecurs ia 13 and o horduess factor ia 7 s well

a3 the difforence ia the exponsut of the veleelty. Aay statements

experimental activities currently In proaress.



&, VELOCITY DISTRIBUTION OF EJECTA

A, Dlroetion

Ao a high speed particle lmpacts a selid and doea not
perfcrafg it, a oplash of cjouia ie thrown back made up of Mmauny
particles, Whea the projectile impaciy the purface parpendiculariy,
the ejecta is symmetrically arrayed gbout the impalct point, When
the projectile impacts the surface obligquely, the ejecta spray '

paittezn 18 binesd in a dizaection aleng the projectile fifight direction,

reuld expoct, For & spacocral ia spacs the meteoroid
fluz has randemly distridnted velecily vectors {Ref, 20 ) go ¢that one
wourld ezpect impact on all sides from il directions because iRs
veloelty fo aa evdesr of magnituds lees than that of the metémoids.
For thege reacons we can zgsume that the direction of efects leaving
the Yoyager wiil algo be randomly distzibuted uniformly over all 437 steredians.

This means that @@Ry the spesd is amensble t0 ealeniztion.

Meosurementa of the veloeity magnituds have beon made usiog

etum traps {Ref. 11, e. g.) heatliog effects (Ref. 12, s.g.);

photegraphieally (Ref. 13, o. g.) , azd sercdynamically {Ref. 14, e.g.) »
These chow varylag results 29 explained previeusly in Ref. 1. We

may say that the tests use averaging methods since the individusl
particles hove ant beon fellowed, Actually, time lapse photography

ghould be most freitfel and come day thiz may be doas sucesssfully,

Onﬁ



We may note that usually the mass sad ’vei»@caey are measgurad
togethor ag momentura or enorgy 9o that they are not slogly available,
Furthormore, measursments are not made on aingle impacts but
ovaer several which are not nscassarily repeaiable in all respests,

With this In mind, we will chow gome resulip takon as avaragsn,

Ia Ref, 1, avorags veloclties for spray particies as a whole were
czleulatod from Koszy ghadowgraphe. Furiher work indlcatzs

thet similar calzulatisns may be biroken dovm fatn various sises

of particlas, Whon this is dons ons obtalns a veloegity ve,

pasticles maes relation, é“ig@re 3 showsg the results with ervor bands
iedicatod, The sguation for the velocity in Em/see is

U = (0.086 + 0.051) ~ (0,023 4 0.022) 5~ {13b)
) o

whesa d° is the avernge particlie diamsler 43,3 mils and & is the
diamater ef the particles in mila. We noto the large probable errere.

e aleo nwote the low velocities in compariseon with the impaet volecity

~ {5 Bm/ooe for thegs teslo), Ref, 1 shows that the velocity of the ———

elocta chauld be roughly 45% of the projectils velecity on grozs

theoaratical ealenintions,

Ref, 15 ghows data en epray particls veloeisy taken by menguriag the

passage of burning cjects with photomultipliare. With lmpacis at

' ¥ 2N



2 Km/eac of stainless atsel balls 3/16% diumetor onta carbon

gtool targets, the spray velocity wag elocked at 510 Kan/sae,
Becauge thege are old dota, they are difficult to reconcile, and nodata
ginee have repeated such high monsurements, we have wo choice

but to note theae conflicting datn and go on,

Rof, 11 reports datn on 3 momaentum trap a:zperimem in which
pellots of polyethylons a4t velociiles up to 7.8 Kea/egec impactsd an
sluminum tazget. The data ars fairly linear g0 that gome infarences
may be dvawn. One graph chows the pendulum momenturn va, the

prefjoectils momentum, A rough £fit shows

1. 365 {14)

M = 0.263 (Mpr )

pend o}

whors M otands for momentum in £2, Ibs. /sec. Ancther figure
ghows the charge ia pendulum mass {which would be the ejecta wass)

va. the impaet velacity. A rough fit chows

us)

e —pesd . 43 g +(1, 35 x 10’3)" e

Ppro)
where V ia the projectile velocity in £f2/sse, Lot vs write the

momentam congervation relation ae

{16)
Mproj - M-pend + M@j@cta

o13+



g0 that by combining 14=15+16 we obinin the velocity of the

clocta as

v - 0.263 v 308

-13.8 +(1, 35 % 10” i*m

U= {17)

We note that If V¥ ig 40 km/gse {the average meteoroid volocity)
that U o 0. 61 Km/eec which 15 much smaller {1. 5%) than the impact
volecity. At lenst thoge experiments have gsomo testa at veloelties

ching moteoreid velocities.




i,

MASS DISTRIBUTION OF EJECTA

Ao astod ia the last soctlen, Mmoot measurerments combinad the

- mges and valocity lnto the momentum oz energy, Thorefors, it

is difficult to fim:?. meagurements takon geparataly. There are "

three which con be pregented,

Uslng the data of Kineko's H-ray skadowgraphs (Ref, 13); we have
cbtained a mass distribution velation, TFrom the oire, posiilen,

tima data, the proporticon of particles of a size 4 is tho cguation

md 1.334+0.75(a 2.69 + 0,26
4-.m do

where my 12 the mass of all particles of the same size

and therefore the seme diamsier, S

£ m I the total macs of the cjects meazered or the chadowgraph, and

d s io the average vize particle as im Ssction Il, This ghould be

eonpled with the total mass ejucted as por Donardo’s data given ia

Eguation 15 which ia tuvra should be coupled with the flux Equntion

given ia Saction &,

A pocond methed for ¢btalning a mpes distribution was given by

annon (Ref, 14) a9 a ot of eguations. Hore the slzs of the pasticle
ig determined by 1% zats of buraiag la ale; that 1s, viscous forces

cause hoatlng, burnlng, asd demige of the particle. Thus, by

) wlBe



meaguring the ronge, asguming the viscosity, and mensuring the
brightnooes photegraphleaily to chinln the burnlag rate, ons can
work back to the particle dlameteos, Those caleunlatlons were not

completed but could be by othera,

A pacond mathod was imtmdmed {Raf, 24) by the same nboratory in
which the spray particles were allowed to strike on alumisum
tzzget and later count the craters ¢o fermad. They sttributed the

erater diametor to the porticle dlemetor and assuvacd that thaly vew

loelity was constiaont. By thelr ewn adwisalen just above, the
veloeity will vary wicth parsticls éauge because of viscous forcae.
Koweves, thelr data chow 58% lose than 5 microns, 99.5% leea

than 25 microns, and 0,5% greater than 25 micrens.
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vodop, 8. Hayoz /H. Y. E@hﬁiug@t w0 R. P, Wolfeom, VYoyager Project
Rocm ¥7034 Pasadena Office
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. STATUS REFORT - EFFECTS OF SIMULATED MICROMETEOROLD Eﬁ?kﬁf TESTS
. OH MICROBIOLOGICALLY CONTAMINATED SURFACES

e

INFORBATION BB

. ef this program have been successfully coumpleted and the formal test series has.

A.  Backezound

S TRELEASED

The objective of this experimental program is to determine the number of
viable organisms veleased from a seeded {artificially contaminated) varget due to
the iwmpact of hypervelocity particles., The feagibility ard developwmental efforts

recently been initiated. Four spacecrafl materials, vepresenting those surfices
which will be predominantly exzposed to wicroweteoroid impacts, are to be used as
tacgets, Teating to date has included only aluminum targets; belag seeded -t both -
163 and 108 spores per &argﬂt {an area 0.02 in.2 was contaminmated). Preliminary ‘
resulte indicate that anyvhere from 0.5% to 157 of the imeculated spores may be rele-sed
in a viable state due to impast dbpe%diﬂg spon such faetors as ta?get material

and mumbey cf hits. ; :

T

A3 a wesultr of the ﬁakmie&%i@aa ahi@pﬁﬂg, h@%&liﬁg and launch operations'
asgocicted with intevplanetary gpacecraft, some degpree of viable conm’ amination
will be present om all gpacecraft (mot requized to be sterilized) sucfaces. =
"Az 2 part of the curvent Yoyager Planetavy Quarantine studles, the program ’
veported hereln was initisted 2o quentitatively dotermine the level of this’™
viab&e surface ceatandnaticn which could be g@i@ga@& by the imyaction of -
@%@z@&a&e&ﬁ@i&s durisg cpace flight. - -
The iﬂitial experimental effort in this progran consiated of test sevies

to gvaluate the foasibiliity of collecting ovgamisme that have bee- ejecved
due o hypezveloeity izmacts. The geries evaluated several collection 4
devices; target iuceulation technlques snd collection wedia. These feasibiliry
test activities amd the assoclated development of biolegleal technicues +nd
procedures has been thorvsughly deserib2d im the Voyagew, Task C, Bi-Monthly
Progress Reports Huzbszs 1, 2, snd 3. -

The feasibility effort produced sizalficant suecess. Vioble ejecta eculd
be collected and the amsunt collected waried directly with the level of
seeding ezployed.’ The test appavatus, after several modifications is -s
ghova 4n Flgure 1. A1l tepting 43 cozdested 2t the Szneral @leetxic Temprny
Eyp@@vei@@%&y Tagt Feellivy in‘ha'gaat@ﬁmg ?@mnsyl a@ia.kx :
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Yoyager-typa interplenctery spacecreft are conposed of mony materials,
both motallic end nom-mstaliie. A gurvey was ceonducted to determina
vhich of the varlous materials would constituta a significant suzrface
area of the prospected spacscraft end weuld thamfam ba more apt to be

sebject ¢to micrometeovold impaet,

Documont Bo, Y0¥-02-7i% veports the results of this survey, detalling.
ell the pertinent epacecraft matovials, FPor the purpoces of this test
progren, oaly those materisls with expoged surfece avess greater thaa
50 ft.% were considered eritical. The materisls chosea for testing werat

€051 Aluminem {40 mils thick)
2025 Aluztovm {3 =ils thiek
Tentolite {15 mila thiek)
Fuced 8illea {15 wmils thick)

@@ almm’vzatmfgg@% eaterials wors soated a %%a@&ma csatzel point ea cz2

side {tho suwfeoea to ba % howded). ALL Cozgot matezisls have been

m@mg’c@ for testing,

gﬁ,mm&@ 74 g?i,;"f’?"’ 'km@ea o

ALY mlcre M@E@ teal pEasciured, ﬁmi&:’aﬁ*g tezpet @M @mg;m@@@ @%@g’ﬁ.&m%@@@*

imesuleont gzz’e::;z@@gzo;in 23 secding, ond poot-test agooys ove eondfucted ot the
@enozal Blestrie Blesciozses Loboratery da Valley Fomge, Peoneylveada.
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E’*@@vﬁ,@ww tho golatin was liguified and thon pacsed &ﬁwmﬁgﬁa theeugh
© 0.63 vlezen £4iletcr. %The £iltew, then contelnieg tha @5@@&%@ wlere= :
grgralens, vos blended ezd gaiamﬁ with Trypeieass By A@w for cubseguent. ¢
mfg@@mm. '

The galatin, dua to the lazge mubey of orgonicms bolng eollested, 48

2w apgeyed divestly. A ezple of golotin i vemsved end diluted

£sz tha esoay. This kas elimfnoted the ¢ize ecencuning flltration portica
of ¢tho techniqua gzam%@%ﬁy wged. Tho golatin gopia 48 goniecated to
breel up ey Yelumpling” of exgenioms. %rypticase 8oy fgow is tho plate
ecunt medivn,. %he g;%.ea%’:@@ ava then dnszhated in enm fmverted positica fov
72 howee at 3790 el ave choorved, ecleaics preduecd Belng cowmted at
imtezvalo of 28, 48 eud 72 heuwme. %ho vecults Listed 3n Plgoze €5 wexe
chtaincd by veleg the chove emposure evd essoy tockhnigea.

B. a0k E@%ﬁ
: uza fazoal oot cozdes will comslos of 32 mecuized tects exd esveogal
imgomnliete test pelinte. Eho regeized tasto consist of the folloznings
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B,

Parvles

At this polint 4n tims, about 507 of the reguived tests havae been cozpleted.
Figere 3 proscats a eompilaticn of tho data collected ¢o date, It ghould
ba woted that tho data procented eve divect asosy reoults end have not
bosa eoxzelated with impactica aveas. Aloo, the data-1s reported E@r tha
assays of the ejesta froa the top target surfaces caly.
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